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Abstract
It is shown that the matrix elements of the quark axial-vector currents of the
decays τ → ωpipiν and ωρν are not conserved in the limit of mq = 0. Pion exchange
dominates the decay mode τ → ωρν. Theoretical result of τ → ω(pipi)nonρν agrees with
data well. Both the decay modes provide evidences for the existence of strong anomaly
of the PCAC. The strong anomaly originates in the Wess-Zumino-Witten anomaly.
The PCAC with strong anomaly is written down and is applied to study ω → piγ,
ρ → piγ, and ω → 3pi under the soft pion approximation. Theoretical results are in
good agreement with data. The decay τ → K∗ρν and K∗ων and the PCAC (∆s = 1)
with strong anomaly is presented.
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The hadrons in τ hadronic decays are mesons, therefore the τ mesonic decays provide
a test ground for all meson theories, especially the anomaly in meson physics. π0 → 2γ
is via the PCAC related to the Adler-Bell-Jackiw triangle anomaly[1]. The Adler-Bardeen
theorem[2] is about the anomaly in QCD. The Wess-Zumino-Witten(WZW)[3,4] Lagrangian
provides a general formalism for various abnormal meson processes. In Ref.[5] an effective
chiral theory of mesons has been proposed. In this theory the WZW Lagrangian is the leading
term of the imaginary part of the Lagrangian of the effective chiral theory. The fields in the
WZW Lagrangian are normalized to the physical meson fields. Based on chiral symmetry
and chiral symmetry breaking, a bosonized axial-vector currents of ordinary quarks has
been presented in our recent paper[6]. In this paper the vector currents of ordinary quarks
are treated by the VMD and all the meson vertices are obtained from the effective chiral
theory[5]. The τ mesonic decays are studied in terms of this theory[6]. Some of the decay
modes are related to theWZW anomaly. Theoretical results are in reasonable agreement with
data. In the τ -decay modes studied in [6] the a1 meson is dominant in the matrix elements
of the axial-vector currents(u and d quarks) and the axial-vector currents are conserved in
the chiral limit.
In this paper the decays τ → ω(ππ)nonρν and τ → ωρν are studied. Only axial-vector
currents contribute to these decays. It is found that the matrix elements of the axial-vector
currents are not conserved in the chiral limit and pion dominates the decay τ → ωρν. These
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abnormal phenomena originate in the anomaly of PCAC. Here the anomaly is the one of
strong interaction. The strong interaction anomaly of PCAC is studied in this paper. The
study on the decays τ → K∗ρν and K∗ων is presented. It is found in these two decays
that the axial-vector currents( ∆s = 1) is not conserved in the limit of mq = 0. The strong
anomaly of the PCAC(∆s = 1) is investigated.
In the chiral limit, the vector part of weak interaction of ordinary quarks(u and d quarks
only) is written as[6]
LV = gW
4
cosθC
1
fρ
{−1
2
(∂µA
i
ν − ∂νAiµ)(∂µρiν − ∂νρiµ) + Aiµjiµ}, (1)
where i = 1, 2 and Aiµ are W boson fields, j
i
µ is derived by using the substitution
ρiµ →
gW
4fρ
cosθCA
i
µ (2)
in the vertices involving ρ mesons. In terms of the chiral symmetry and spontaneous chiral
symmetry breaking, the axial-vector part has been determined as
LA = −gW
4
cosθC
1
fa
{−1
2
(∂µA
i
ν − ∂νAiµ)(∂µaiν − ∂νaiµ) + AiµjiWµ }
−gW
4
cosθC∆m
2faA
i
µa
iµ − gW
4
cosθCfpiA
i
µ∂
µπi, (3)
where fa and ∆m
2 are determined to be
f 2a = f
2
ρ (1−
f 2pif
2
ρ
m2ρ
)
m2a
m2ρ
, ∆m2 = f 2pi(1−
f 2pif
2
ρ
m2ρ
)−1, (4)
3
ji,Wµ is obtained by substituting
aiµ → −
gW
4fa
cosθCA
i
µ (5)
into the Lagrangian in which a1 meson is involved.
The Lagrangians LV,A(1,3) have been derived from the effective chiral theory of pseu-
doscalar, vector, and axial-vector mesons[5]. The Lagrangian of this theory is expressed
as
L = ψ¯(x)(iγ · ∂ + γ · v + γ · aγ5 −mu(x))ψ(x)− ψ¯Mψ
+
1
2
m20(ρ
µ
i ρµi + ω
µωµ + a
µ
i aµi + f
µfµ) (6)
where aµ = τia
i
µ+fµ, vµ = τiρ
i
µ+ωµ, , and u = exp{iγ5(τiπi+η)}, these fields are normalized
to physical meson fields in Ref.[5]. The parameters of Eqs.(1,3) are defined as[5]
fρ = g
−1, (7)
fa = g
−1(1− 1
2π2g2
)−
1
2 , (8)
(1− 1
2π2g2
)m2a = 6m
2 +m2ρ, (9)
∆m2 = 6m2g2 = f 2pi(1−
f 2pi
g2m2ρ
)−1, (10)
where g is an universal coupling constant, g = 0.39[6], and m is a parameter related to quark
condensate[5].
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It has been shown in Ref.[6] that there are cancellations between the terms of Eq.(3)
in the decay modes studied and these cancellations lead to both the conservation of the
axial-vector currents in the chiral limit and the a1 dominance.
The meson vertices involved in τ mesonic decays are obtained from the effective La-
grangian of mesons presented in Ref.[5]. There are two kinds of vertices: the ones of normal
parity and the ones of abnormal parity. The later are the WZW anomaly. Therefore, the the-
ory of τ mesonic decays is completely determined by the effective chiral theory of mesons[5].
The ω meson is contained in the final states of both the decay modes τ → ωππν and
τ → ωρν. It is well known[4,5,7] that in two flavor case if a vertex contains ω-field, the vertex
is from WZW anomaly. Therefore, both decay modes are related to the WZW anomaly.
The decay mode τ → ωππν is composed of two parts: the two pions are from a ρ decay
and the two pions are not from a ρ resonance. The study(see below) shows that the decay
rate of τ → ω(ππ)ρres.ν is smaller than that of τ → ω(ππ)nonρν by two order of magnitude.
We study τ → ω(ππ)nonρν first.
Only the axial-vector currents(LA(3)) contribute to τ → ω(ππ)nonρν. There are two
kinds of vertices involved in this decay channel. These vertices are derived from the effective
chiral theory of mesons[5] in the chiral limit.
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1. The vertices ωπππ and ωa1ππ derived from Ref.[5] are
Lωpipipi = 2
π2gf 3pi
(1− 6c
g
+
6c2
g2
)εµναβǫijkωµ∂νπi∂απj∂βπk
Lωa1pipi = − 6
π2g2f 2pi
(1− 1
2π2g2
)−
1
2 (1− 2c
g
)εµναβǫijk∂νωµa
i
α∂βπk, (11)
where
c =
f 2pi
2gm2ρ
. (12)
These two vertices are from the WZW anomaly[5]. The vertex LWωpipi is found by using
the substitution(5) in the vertex Lωa1pipi. Using these vertices and LA(3), the matrix
element of the axial-vector current is obtained
< ωπ0π−|ψ¯τ+γµγ5ψ|0 >(1)= i√
8ω1ω2E
6
π2gf 2pi
ενλαβǫ∗λpα(k2 − k1)β
{(qµqν
q2
− gµν)(1− 2c
g
)
g2f 2am
2
ρ − i
√
q2Γa(q
2)
q2 −m2a + i
√
q2Γa(q2)
+
qµqν
q2
2c
g
(1− 2c
g
)}, (13)
where k1, k2, and p are momentum of π
0, π−, and ω respectively, q = k1+k2+p. Eq.(13)
shows that the matrix element obtained from the WZW anomaly is not conserved in
the limit of mq = 0. The pion exchange is dominant in the term which violates the
conservation of the quark axial-vector current in the chiral limit. The divergence of
this term is written as
6
π2gf 2pi
2c
g
(1− 2c
g
)εµναβǫijk∂νωµ∂απ
j∂βπ
k. (14)
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2. The second kind of vertices are vertices a1ρπ, ρππ, Wρπ and ωρπ. The vertex Wρπ
is derived by substituting(5) into the vertex a1ρπ. The first three vertices have been
exploited to study τ → πππν and theoretical results are in reasonably agreement with
data. The vertex ωρπ is from the WZW anomaly.
La1ρpi = ǫijk{Aaiµρjµπk − Baiµρjν∂µνπk +Daiµ∂µ(ρjν∂νπk)}, (15)
A =
2
fpi
gfa{g2f 2am2a −m2ρ + p2[
2c
g
+
3
4π2g2
(1− 2c
g
)]
+q2[
1
2π2g2
− 2c
g
− 3
4π2g2
(1− 2c
g
)]}, (16)
B = − 2
fpi
gfa
1
2π2g2
(1− 2c
g
), (17)
D = − 2
fpi
fa{2c+ 3
2π2g
(1− 2c
g
)}, (18)
Lρpipi = 2
g
ǫijkρ
i
µπ
j∂µπk − 2
π2f 2pig
{(1− 2c
g
)2 − 4π2c2}ǫijkρiµ∂νπj∂µνπk
− 1
π2f 2pig
{3(1− 2c
g
)2 + 1− 2c
g
− 8π2c2}ǫijkρiµπj∂2∂µπk, (19)
Lωρpi = − NC
π2g2fpi
εµναβ∂µωνρ
i
α∂βπ
i, (20)
where p is the momentum of ρ meson and q is the momentum of a1.
Using the vertex La1ρpi(15), the decay width of a1 meson is derived
Γa(q
2) =
k
12πma
√
q2
{(3 + k
2
m2ρ
)A2 − k
2
m2ρ
(q2 +m2ρ)AB +
q2
m2ρ
k4B2}, (21)
where
k = { 1
4q2
(q2 +m2ρ −m2pi)2 −m2ρ}
1
2 .
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Using LA(3) and the vertices(15,19,20) and taking the cancellation shown in Eq.(34) of
Ref.[6] into account, the second part of the matrix element of the axial-vector current is
obtained
< ωπ0π−|ψ¯τ+γµγ5ψ|0 >(2)= i√
8ω1ω2E
(
qµqν
q2
− gµν) 3
π2g2fpi
g2fam
2
ρ − if−1a qΓa(q2)
q2 −m2a + iqΓa(q2)
ενλαβǫ∗λpα{
A(k2)k2β
k2 −m2ρ + i
√
k2Γρ(k2)
− A(k
′2)k1β
k
′2 −m2ρ + i
√
k
′2Γρ(k
′2)
}
+
i√
8ω1ω2E
(
qµqν
q2
− gµν) 3
π2g2fpi
g2fam
2
ρ − iqf−1a Γa(q2)
q2 −m2a + iqΓa(q2)
εσλαβǫ∗σpλk2αk1β(−B)
{ k2ν
k
′2 −m2ρ + i
√
k
′2Γρ(k
′2)
+
k1ν
k2 −m2ρ + i
√
k2Γρ(k2)
}, (22)
where k1, k2, p are momentum of π
0, π−, and ω mesons respectively, q = p + k1 + k2,
k = q − k1, k′ = q − k2, A(k2) and A(k′2) are defined by Eq.(16) by taking p2 = k2, k′2
respectively. This part of the matrix element observes the axial-vector current conservation
in the limit mq = 0 and there is a1 dominance.
Adding Eqs.(13,22) together, the whole matrix element is obtained. The expression of
the decay width is presented in the Appendix. The branching ratio is computed to be
B = 0.37%.
The data is 0.41 ± 0.08 ± 0.06%[7]. The distribution of the decay rate versus the invariant
mass of ωππ is shown in Fig.1.
It is the same as the decay mode studied above, only the axial-vector currents contribute
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to τ → ωρν. At the tree level Lωρpi (20)is the only vertex involved in this decay channel.
Therefore, the decay is resulted by the WZW anomaly. Using the term
−gW
4
cosθCfpiA
i
µ∂
µπi
in Eq.(3) and the vertex(20), the matrix element of the axial-vector current is obtained
< ωρ−|ψ¯τ+γµγ5ψ|0 >= − i√
4E1E2
NC
π2g2
qµ
q2
ελναβp1λp2νǫ
∗
α(p1)ǫ
∗
β(p2). (23)
In the limit mq = 0, the axial-vector current is not conserved in this process. The conser-
vation of the matrix element(22) is resulted by the cancellations between the terms 1
fa
jiWµ ,
∆m2faa
i
µ, and fpi∂µπ
i of LA(5)(see Eq.(34) of Ref.[6]). In the matrix element(13) there is
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cancellation between the two vertices(11), however, the cancellation is not enough. This re-
sult leads to the nonconservation of the axial-vector current in Eq.(13). For the process(23)
there is no contribution from a1 meson, therefore, there is no such cancellation. The pion
exchange dominates this decay and the axial-vector current is not conserved. The divergence
of the operator used to derive the matrix element(23) is
NC
π2g2
εµναβ∂µων∂αρ
i
β (24)
Using the matrix element (23) and adding the Breit-Wigner formula of the ρ meson in,
the decay width is obtained
Γ =
G2
128mτ
cos2θC
(2π)3
9
π4g4
∫ m2τ
q2
min
dq2
1
q6
(m2τ − q2)2
∫ (√q2−mω)2
4m2pi
dk2[(q2 +m2ω − k2)2 − 4q2m2ω]
3
2
1
π
√
k2Γρ(k
2)
(k2 −m2ρ)2 + k2Γ2ρ(k2)
, (25)
where q2min = 2mpimτ +
mτm
2
ω
mτ−2mpi
, k2 is the invariant mass of the two pions and
Γρ(k
2) =
f 2ρpipi(k
2)
48π
k2
mρ
(1− 4m
2
pi
k2
)3,
fρpipi(k
2) =
2
g
{1 + k
2
2π2f 2pi
[(1− 2c
g
)2 − 4π2c2]}. (26)
The branching ratio is computed to be
B = 0.16× 10−4.
The decay rate is much smaller than the one of τ → ω(ππ)nonρν. Therefore, τ → ω(ππ)nonρν
dominates the decay τ → ωππν. The distribution is shown in Fig.2.
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The nonconservation of the quark axial-vector currents found in the matrix element(13,23)
show that there is anomaly in the PCAC. The Adler-Bell-Jackiw anomaly
∂µψ¯τiγµγ5ψ =
α
4π
εµναβFµνFαβδ3i (27)
is well known. However, this anomaly is the one caused by electromagnetic interaction. The
abnormal terms(14,24) are from strong interaction. We claim the existence of the strong
anomaly in PCAC. Taking the abnormal term(23) as an example of the strong anomaly of
the PCAC, the PCAC with strong anomaly is written as
∂µψ¯τiγµγ5ψ = −m2pifpiπi +
NC
π2g2
εµναβ∂µων∂αρ
i
β. (28)
The abnormal term of Eq.(28) is caused by the vertex(20) which originates in the WZW
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anomaly. Why this vertex causes the anomaly of the PCAC? The reason is presented as
below. As pointed in Ref.[6], the conservation of the quark axial-vector currents(in the
chiral limit) is obtained from the cancellations between pion exchange, a1 exchange, and
others. In the Lagrangian of the WZW anomaly[4,5,7] there is no coupling like
∼ εµναβ∂µωνρiαaiβ.
Therefore, the pion exchange provided by the vertex(20) cannot be canceled out. The lack of
the cancellation leads to the nonconservation of the quark axial-vector currents in the chiral
limit.
We use the effective chiral theory[5] to illustrate the existence of the strong anomaly of
PCAC(28). The problem is similar to the one treated by Adler-Bell-Jackiw[1]. First it is
necessary to show that in the chiral limit, if just applying the equations of motion to the
quark axial-vector current, it is found that the currents are conserved in the chiral limit. The
equations of motion are derived from the Lagrangian(6)(to avoid the U(1) problem taking
off the η field in this part of the discussion)
∂µψ¯γµ = −iψ¯(γµvµ + γµγ5aµ −mu−M),
γµ∂
µψ = i(γµv
µ + γµγ5a
µ −mu−M)ψ,
ρiµ = −
1
m20
ψ¯τiγµψ a
i
µ = −
1
m20
ψ¯τiγµγ5ψ,
12
Πi = iσ
ψ¯τiγ5ψ
ψ¯ψ
, (29)
where u = σ + iγ5τ · Π, σ2 = 1 − Π2. Using all these equations(29), to the leading order of
the quark mass it is proved
∂µψ¯τiγµγ5ψ = −m2pifpiπi. (30)
According to the Adler-Bell-Jackiw[1] the anomaly does not come from the classic equation
of motion, instead, from renormalization of the quark triangle diagrams. Adding the photon
field to the Lagrangian(6), the vector part of the Lagrangian is written as
L = ψ¯(x){iγ · ∂ + γµ(1
g
τ3ρ
0
µ +
1
2
eτ3Aµ +
1
g
ωµ +
1
6
eAµ)}ψ(x) (31)
This part of the Lagrangian shows that the ρ, ω and the photon fields are in symmetric
positions which lead to the VMD[5]. As pointed out by Sakurai[8], the substitutions
ρi → 1
2
egA, ω → 1
6
egA (32)
revealed from Eq.(31) are essential to obtain VMD. Taking ρ and ω fields as external
fields and calculating the quark triangle diagrams as done by Adler-Bell-Jackiw, the strong
anomaly of PCAC is derived as the one shown in Eq.(28). It is equivalent to say that this
anomaly(28) can be found by using the substitution
Trτ 3Q2∂µAν∂αAβ → 2Trτ3τ3∂µων∂αρ3β
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in Eq.(27).
The abnormal term of Eq.(28) can be written as the divergence of the current
NC
2π2g2
εµναβ{ων∂αρiβ + ρiν∂αωβ}. (33)
Therefore, a question is raised that whether this current is part of the quark axial-vector
current. If so, there is no strong interaction anomaly in PCAC. A direct proof is necessary.
The method using the quark operator to bosonize the quark currents is presented in Ref.[5].
The couplings between ω meson and others obtained by using this method is the same as
the one derived from the WZW Lagrangian[4,7]. Following this method, we have
< ψ¯τiγµγ5ψ >= − iNC
(2π)D
∫
dDpTrτiγµγ5sF (x, p), (34)
sF (x, p) = s
0
F (p)
∞∑
n=0
(−i)n{γµDµs0F (p)}n, (35)
Dµ = ∂µ − ivµ − iaµγ5, (36)
s0F (p) = −
γµpµ −muˆ
p2 −m2 , (37)
uˆ = exp−iγ5(τ
ipii+η). (38)
The effective chiral theory of mesons[5] is a theory of mesons at low energies and the derivative
expansion has been exploited. We are only interested in the terms associated with the
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antisymmetric tensor εµναβ . The leading terms are from n = 3
< ψ¯τiγµγ5ψ >=
NC
(2π)D
∫
dDp
1
(p2 −m2)4Trτiγµγ5(γ·p−m)γ·D(γ·p−m)γ·D(γ·p−m)γ·D(γ·p−m).
(39)
We are looking for the terms containing one ω and one ρ field only. The derivation shows
that all nonzero terms are cancelled out. Therefore, the term(33) is not included in the
quark axial-vector current. This conclusion is consistent with the fact that in the WZW
Lagrangian there is no coupling between ω, ρ, and a1 fields. The explanation is following.
In the effective chiral theory of mesons[5] the couplings between a1 fields and others are
obtained from part of the Lagrangian(6)
aiµ < ψ¯τiγµγ5ψ > .
As obtained above, in the effective axial-vector currents(39) there is no terms containing
both ω and ρ fields only. Therefore, there is no a1ωρ coupling.
We emphasize on that the PCAC with strong anomaly(28) is model independent. The
vertex(20) is derived from the WZW Lagrangian[4,5,7] and is very general. The term
−gW
4
cosθCfpiA
i
µ∂
µπi used to derived the matrix element (23) is independent of any model.
The vertex(20) has been well tested. In Ref.[5] it has been used to derive the amplitude
of π0 → 2γ obtained by Adler-Bell -Jackiw triangle anomaly. The decay rates of ω → πγ
and ρ→ πγ are via VMD calculated by using this vertex and theoretical results are in good
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agreements with data. It is also shown in Ref.[5] that this vertex is responsible for the decay
ω3π.
On the other hand, using the substitutions(32) in Eq.(28) we derive
∂µψ¯τiγµγ5ψ = −m2pifpiπi +
NC
π2g2
εµναβ∂µων∂αρ
i
β +
α
4π
εµναβFµνFαβδ3i
+
e
4π2g
εµναβFµν∂αρ
i
β +
3e
4π2g
εµναβ∂µωνFαβδ3i. (40)
It is well known that the amplitude of π0 → 2γ is derived from the third term of the Eq.(41)
under a soft pion approximation. In the same way, the amplitudes of ω → πγ and ρ → πγ
are obtained from the fourth and the fifth term of Eq.(40)
M(ω → πγ) = 3e
2π2g
εµναβpµkαǫν(p)ǫ
∗
β(k), (41)
where k and p are momentum of ω and photon respectively.
M(ρ→ πγ) = e
2π2g
εµναβpµkαǫν(p)ǫ
∗
β(k), (42)
The decay widths are
Γ(ω → πγ) = 3α
32π4g2
m3ω
f 2pi
(1− m
2
pi
m2ω
)3 = 583keV, (43)
Γ(ρ→ πγ) = α
96π4g2
m3ρ
f 2pi
(1− m
2
pi
m2ρ
)3 = 61keV. (44)
The data are 717(1± 0.07)keV and 67.8(1± 0.12)keV [10] respectively.
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It is known that ω → ρπ is dominant in the decay ω → 3π. In the manner of the
calculations done above, the PCAC with anomaly(28) is used to calculate the decay rate of
ω → 3π
Γ(ω → 3π) = 1
384m3ω
1
(2π)3
∫
dq21dq
2
2(m
2
ω − q21 − q22){(m2ω − q21)(m2ω − q22)
−m2ω(q21 + q22 −m2ω)}{
f 2ρpipi(q
2
1)
q21 −m2ρ
+
f 2ρpipi(q
2
2)
q22 −m2ρ
+
f 2ρpipi(q
2
3)
q23 −m2ρ
}2. (45)
In Eq.(45) the amplitude of ω → 3π is determined in the chiral limit. The numerical result
is
Γ(ω → 3π) = 7.7MeV.
The data is 7.49(1±0.02)MeV[10].
There are more terms on the right hand side of the Eq.(40). For example, the term(14)
should be added to the right hand side of Eq.(28). In the same way obtaining the term(24),
the vertex
Lf1a1pi = 1
π2fpi
f 2aε
µναβfµ∂νπ
i∂αa
i
β (46)
used to calculate the decay width of τ → fπν in Ref.[6] results a term
− 1
π2
f 2aε
µναβ∂µfν∂αa
i
β (47)
which should be part of the strong anomaly of the PCAC. Now the PCAC with strong
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anomaly takes the form
∂µψ¯τiγµγ5ψ = −m2pifpiπi +
NC
π2g2
εµναβ∂µων∂αρ
i
β
+
6
π2gf 2pi
2c
g
(1− 2c
g
)εµναβǫijk∂νωµ∂απ
j∂βπ
k − 1
π2
f 2aε
µναβ∂µfν∂αa
i
β. (48)
Obviously, there are much more terms for the strong anomaly of the PCAC. The method
deriving those abnormal terms is the same as the one used to obtained (14) and (24). By
taking away the factor −gW
4
cosθCA
i
µ from LA(3), the axial-vector currents are obtained.
Combining these currents with proper vertices of mesons, the nonconservetive currents, if
they exist, could be found.
It is necessary to emphasize that the decay τ → ωρν provides a direct evidence of
the strong anomaly of the PCAC. Therefore, the measurements of the decay rate and the
distribution of the decay rate versus the invariant mass of ωρ will evidence the existence of
the strong anomaly in the PCAC.
The discussion of the strong anomaly of the PCAC in two flavor case can be extended to
three flavors. The decay τ → K∗ρν and K∗ων are related to the anomaly of the PCAC of
∆s = 1. Both the vector and axial-vector currents contribute to these decays. The vertices
contributing to the matrix elements of the vector currents come from the term
− 1
8
Trvµνv
µν (49)
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of the effective Lagrangian of mesons obtained from the Lagrangian(6) in Ref.[5], where
vµν = ∂µvν − ∂νvµ − i
g
[vµ, vν ]− i
g
[aµ, aν ],
vµ = τ
iρiµ + (
2
3
+
1√
3
λ8)ωµ + λaK
a
µ + (
1
3
− 1√
3
λ8)φµ,
aµ = τ
iaiµ + (
2
3
+
1√
3
λ8)fµ + λaK
a
µ + (
1
3
− 1√
3
λ8)f1sµ,
where a = 4, 5, 6, 7. There are additional normalization factors for φ, a1, f, and f1s, which
can be found in Ref.[5]. The vertices LK∗K¯∗v is derived from Eq.(49)
LK∗K¯∗v =
√
3i
g
{(∂µv8ν − ∂νv8µ)(K−µK+ν + K¯0µK0ν)+
v8ν [(∂µK
−
ν − ∂νK−µ )K+µ − (∂µK+ν − ∂νK+µ )K−µ + (∂µK¯0ν − ∂νK¯0µ)K0µ − (∂µK0ν − ∂νK0µ)K¯0µ]}
+
i
g
{
√
2(∂µρ
+
ν − ∂νρ+µ )K−µK0ν −
√
2(∂µρ
−
ν − ∂νρ−µ )K+µK¯0ν + (∂µρ0ν − ∂νρ0µ)(K−µK+ν + K¯0µK0ν)
+
√
2ρ+ν [(∂µK
−
ν − ∂νK−µ )K0µ − (∂µK0ν − ∂νK0µ)K−µ]
−
√
2ρ−ν [(∂µK
+
ν − ∂νK+µ )K¯0µ − (∂µK¯0ν − ∂νK¯0µ)K+µ]
+ρ0ν [(∂µK
0
ν − ∂νK0µ)K¯+µ − (∂µK+ν − ∂νK+µ )K−µ
−(∂µK¯0ν − ∂νK¯0µ)K0µ + (∂µK0ν − ∂νK0µ)K¯−µ]}, (50)
where
v8 =
1√
3
ω − 2√
3
φ.
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Using the substitutions[5]
ρ0 → 1
2
egA, ω → 1
6
egA, φ→ − 1
3
√
2
egA, (51)
it is proved that the charges of K∗+−0 are +1, −1, and 0 respectively, where A is the photon
field. It is interesting to notice that the vertices(50) are from the nonabelian nature of the
vector meson fields. The vertices LK∗K¯∗ρ and LK∗K¯∗ω are found from Eq.(50). Using LV (1),
it is obtained
< ρ0K∗−|ψ¯λ+γµψ|0 >= 1
2
√
4E1E2
sinθC
−m2K∗ + i
√
q2ΓK∗(q
2)
q2 −m2K∗ + i
√
q2ΓK∗q2)
(
qµqν
q2
− gµν){(k − p)νǫσ(k)ǫσ(p) + 2pσǫν(p)ǫσ(k)− 2kσǫν(k)ǫσ(p)}, (52)
where k and p are the momentum of ρ and K∗ respectively, q = k + p,
ΓK∗(q
2) =
f 2ρpipi(q
2)
8π
√
q2mK∗
{ 1
4q2
(q2 +m2K +m
2
pi)
2 −m2K}
3
2 . (53)
The vertices contributing to the matrix element of the quark axial-vector currents are
from the WZW anomaly[5]
LK∗Kv = − NC
π2g2fpi
εµναβdabcK
a
µ∂νv
c
α∂βK
b − NC
π2g2fpi
εµναβKaµ∂νvα∂βK
a, (54)
where vα is the singlet. The vertices K
∗Kρ and K∗Kω are found from Eq.(54). Using these
vertices and LA(3), the matrix element of the axial-vector currents is obtained
< K∗−ρ0|ψ¯λ+γµγ5ψ|0 >= sinθC < K∗−ρ0|fK∂µK+|0 >=
i√
4E1E2
sinθC
NC
2π2g2
qµ
q2
ελναβkνǫα(k)ǫλ(p)qβ. (55)
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In the chiral limit, fK = fpi. Obviously, the axial-vector current is not conserved in the limit
of mq = 0. The divergence of the term contributing to this matrix element is written as
− NC
2π2g2
εµναβ∂µK
∗−
ν ∂αρ
0
β. (56)
Adding the Breit-Wigner distribution of the ρmeson and using the matrix elements(52,55),
the distributions of the decay τ → K∗−ρ0ν versus the invariant mass of K∗ρ are obtained
dΓV
dq2
=
G2
(2π)3
sin2θC
32m3τq
4
(m2τ − q2)2
∫ (√q2−mK∗ )2
4m2pi
dk2{1
4
(q2 + k2 −m2K∗)2 − q2k2}
3
2
m2τ + 2q
2
q2k2m2K∗
1
π
√
k2Γρ(k
2)
(k2 −m2ρ)2 + k2Γ2ρ(k2)
m4K∗ + q
2Γ2K∗(q
2)
(q2 −m2K∗)2 + q2Γ2K∗(q2)
{q2(k2 +m2K∗) + k2m2K∗ +
1
12
(q2 + k2 −m2K∗)2 −
1
3
q2k2}, (57)
dΓA
dq2
=
G2
(2π)3
sin2θC
32m3τq
4
(m2τ − q2)2
∫ (√q2−mK∗ )2
4m2pi
dk2{1
4
(q2 + k2 −m2K∗)2 − q2k2}
3
2
2
q2
m2τ (
NC
2π2g2
)2
1
π
√
k2Γρ(k
2)
(k2 −m2ρ)2 + k2Γ2ρ(k2)
, (58)
where k2 is the invariant mass of the two pions and ΓV,A are the decay widths from the vector
and axial-vector currents respectively.
The branching ratio is computed to be 0.24× 10−6. The contribution of the axial-vector
currents is 17%. The branching ratio of τ → K∗−ων is determined to be 0.6× 10−7 and the
branching ratio of τ → K¯∗0ρ−ν is 0.48× 10−6.
The term(56) is the strong anomaly of the PCAC(∆s = 1). From Eq.(50) other three
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terms of the strong anomaly are found
− NC
2π2g2
εµναβ{
√
2∂µK¯
∗0
ν ∂αρ
−
β + ∂µK
∗−
ν ∂αωβ +
√
2∂µK
∗−
ν ∂αφβ}. (59)
Therefore, the PCAC(∆s = 1) with strong anomaly is expressed as
∂µψ¯λ+γµγ5ψ = −m2KfKK−
− NC
2π2g2
εµναβ{∂µK∗−ν ∂αρ0β +
√
2∂µK¯
∗0
ν ∂αρ
−
β + ∂µK
∗−
ν ∂αωβ +
√
2∂µK
∗−
ν ∂αφβ}. (60)
Using the VMD and the substitutions(51), the electromagnetic anomaly is added to the
Eq.(60)
∂µψ¯λ+γµγ5ψ = −m2KfKK− −
e
2π2g
εµναβ∂µK
∗−
ν ∂αAβ
− NC
2π2g2
εµναβ{∂µK∗−ν ∂αρ0β +
√
2∂µK¯
∗0
ν ∂αρ
−
β + ∂µK
∗−
ν ∂αωβ +
√
2∂µK
∗−
ν ∂αφβ}. (61)
In terms of the soft pion approximation the decay amplitude of K∗− → K−γ is derived from
Eq.(61) in the chiral limit
M = − e
2π2gfpi
εµναβpµǫν(p)kαǫ
∗
β(k). (62)
The decay width is found to be
Γ =
α
96π4g2f 2pi
m3K∗(1−
m2K
m2K∗
)3 = 34.9keV. (63)
The data[10] is 50.3(1±0.11)keV. The strange quark mass correction is responsible for the
difference between the theoretical result and the experiment.
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To conclude, the decay τ → ωππν is resulted from the WZW anomaly. Theoretical
result of the decay rate agrees with data. In the chiral limit, the strong anomaly of the
PCAC is found and the strong anomaly originates in the WZW anomaly. Under the soft
pion approximation the decay rates of ω → πγ, ρ → πγ, and ω → 3π obtained by using
the PCAC with strong anomaly are in good agreement with data. The strong anomaly
of the PCAC leads to the pion dominance in the decay τ → ωρν. The measurements of
the decay rate and distribution of τ → ωρν will provide a further evidence on the strong
anomaly of the PCAC. The strong anomaly of the PCAC(∆s = 1) exits too. It is necessary
to emphasize that the Adler-Bell-Jackiw anomaly and the Adler-Bardeen anomaly of QCD
are exact and the strong anomaly of the PCAC is based on that the meson fields are treated
as effective point fields, like the pion fields in the PCAC and the meson fields in the WZW
anomaly. However, the existence of the strong anomaly of the PCAC indicates that in the
chiral limit, the quark octet axial-vector currents are not conserved. The expressions of the
strong anomaly presented in this paper, maybe, are some kind of bosonization of the strong
anomaly of the quark octet axial-vector currents.
The author wishes to thank K.F.Liu for discussion. This research was partially supported
by DOE Grant No. DE-91ER75661.
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dΓ(τ → ωππν)
dq2dk2dk
′2
=
G2
256m3τ
cos2θC
(2π)5
1
q2
(m2τ − q2)2{(m2τ + 2q2)F +m2τG}, (64)
where
F = {2
3
1
q4
(q · k1)2(q2 − q · k2)2 + 4
9
1
q4
(q · k1)2(q · k2)2}A1
+{2
3
1
q4
(q · k2)2(q2 − q · k1)2 + 4
9
1
q4
(q · k2)2(q · k1)2}A2
+{2
3
1
q2
q · k1q · k2q · (k1 + k2)− 10
9
1
q4
(q · k1)2(q · k2)2}A12 + 2
9
1
q4
(q · k1)3(q · k2)2B11
−2
9
1
q4
(q · k1)2(q · k2)2q · (q − k2)B21 + 2
9
1
q4
(q · k1)2(q · k2)2q · (q − k1)B12
−2
9
1
q4
(q · k1)2(q · k2)3B22 + 2
9
1
q4
{(q · k1)4(q · k2)2B1 + (q · k1)2(q · k2)4B2}BWa
G = [
12
π2g2f 2pi
c
g
(1− c
g
)]2
8
3
1
q4
(q · k1)2(q · k2)2
BWa =
9
π4g2f 2pi
g4f 2am
4
ρ + f
−2
a q
2Γ2a(q
2)
(q2 −m2a)2 + q2Γ2a(q2)
,
BWρ(k
2) =
1
(k2 −m2ρ)2 + k2Γ2ρ(k2)
,
A1 = {[ 2
fpi
(1− 2c
g
) +
1
gfa
(k
′2 −m2ρ)A(k
′2)BWρ(k
′2)]2 +
1
g2f 2a
A2(k
′2)k
′2Γ2ρ(k
′2)BWρ(k
′2)},
A2 = {[ 2
fpi
(1− 2c
g
) +
1
gfa
(k2 −m2ρ)A(k2)BWρ(k2)]2 +
1
g2f 2a
A2(k2)k2Γ2ρ(k
2)BWρ(k
2)},
A12 = −2{[ 2
fpi
(1− 2c
g
) +
1
gfa
(k
′2 −m2ρ)A(k
′2)BWρ(k
′2)][
2
fpi
(1− 2c
g
)
+
1
gfa
(k2 −m2ρ)A(k2)BWρ(k2)] +
1
g2f 2a
A2(k
′2)A2(k2)
√
k2k
′2Γρ(k
′2)BWρ(k
2)Γρ(k
′2)BWρ(k
′2)},
B11 = 2B{[ 2
fpi
(1− 2c
g
) +
1
gfa
(k
′2 −m2ρ)A(k
′2)BWρ(k
′2)]
1
gfa
(k2 −m2ρ)BWρ(k2)]
+
1
g2f 2a
A2(k
′2)
√
k2k
′2Γρ(k
′2)BWρ(k
2)Γρ(k
′2)BWρ(k
′2)},
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B12 = −2B{[ 2
fpi
(1− 2c
g
) +
1
gfa
(k2 −m2ρ)A(k2)BWρ(k2)]
1
gfa
(k2 −m2ρ)BWρ(k2)]
+
1
g2f 2a
A(k2)k2Γ2ρ(k
2)BW 2ρ (k
2)}
B21 = 2B{[ 2
fpi
(1− 2c
g
) +
1
gfa
(k
′2 −m2ρ)A(k
′2)BWρ(k
′2)]
1
gfa
(k
′2 −m2ρ)BWρ(k
′2)]
+
1
g2f 2a
A(k
′2)k
′2Γ2ρ(k
′2)BW 2ρ (k
′2)},
B22 = −2B{[ 2
fpi
(1− 2c
g
) +
1
gfa
(k2 −m2ρ)A(k2)BWρ(k2)]
1
gfa
(k
′2 −m2ρ)BWρ(k
′2)]
+
1
g2f 2a
A2(k2)
√
k2k
′2Γρ(k
′2)BWρ(k
2)Γρ(k
′2)BWρ(k
′2)},
B1 = B
2 1
g2f 2a
BWρ(k
2),
B2 = B
2 1
g2f 2a
BWρ(k
′2), (65)
where q = p+ k1 + k2, k
2 = (q − k1)2, k′2 = (q − k2)2.
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Fig.1 Caption
Distribution of the decay rate of τ → ωππν vs. the invariant mass of ωππ
Fig.2 Caption
Distribution of the decay rate of τ → ωρν vs. the invariant mass of ωρ
27
